In this study, we aimed to evaluate the composition, antioxidant activities, and hepatoprotective effects of water extracts of Ziziphus jujuba cv. Jinsixiaozao. In the water extract, the contents of total phenolics, total flavonoids and polysaccharides were 1.43 mg of gallic acid equivalent (GAE) per g of dry plant, 0.17 mg of rutin equivalent (RE) per g of dry plant, and 3.80 mg per g of dry plant, respectively. The main components of the phenolic acids were protocatechuic acid, catechol, p-hydroxybenzoic acid, vanilla acid and p-coumaric acid (17.02, 5.87, 7.46, 2.95, 1.06 mg per g of dry plant, respectively). The results show that the water extract of jujube (WEJ) had a significant antioxidant effect which was evaluated by DPPH, ABTS, ORAC and FRAP assays. In addition, they dramatically (p < 0.01) decreased the liver index, the activities of serum hepatic AST, ALT and LDH, levels of total cholesterol (TC) and triglyceride (TG) which were induced by alcohol. The administration of mice with the WEJ significantly (p < 0.01) reduced MDA and enhanced the activities of antioxidant enzymes SOD and GSH-PX compared to the model group. WEJ pre-intake decreased subsequent alcohol-induced IL-6 and TNF-a; and reduced the nuclear factor kappa (NF-kB p65) and total nitric oxide synthase (iNOS) activities in the liver (p < 0.01). Furthermore, the pathological analyses of liver proved the preventive and therapeutic effects of the WEJ in mice. Therefore, the water extract of jujube with antioxidant activities could be used to prevent and treat liver damage and inflammation induced by alcohol.
Introduction
Alcoholism is considered as one of the most severe addictive diseases prevalent at present. 1 Aer long-or short-term excessive alcohol drinking, alcoholic liver disease (ALD) may lead to serious liver injury. 2 As the main site of metabolic functions, liver is the main target organ of ethanol toxicity.
3 Alcoholinduced liver toxicity is due to a high concentration of alcohol in the blood and the metabolic consequences of ethanol metabolism. 4 The ethanol metabolites in the body including reactive oxygen species (ROS) and acetaldehyde could deplete glutathione (GSH) and cause free radical-mediated cell apoptosis in the liver. 5 Therefore, alcohol-induced oxidative stress seems to play a major role in the pathogenesis of alcoholic liver disease (ALD). 6 Recently, there has been a growing focus on functional food alleviating oxidative stress and liver disease induced by alcohol. The jujube (Ziziphus jujuba Mill), a member of the Rhamanaceae, originated in China, is widely distributed in China, Korea and Japan. 7, 8 Ziziphus jujuba is one of the most important economic trees in China because of drought and barren soil resistance, high-yield, rich nutrition, signicant benets of economy and ecology. 9, 10 Jujube has a high nutritional value and heath care function. The nutrients of jujube including avonoid, polyphenol, polysaccharide, protein, amino acid, fat, nucleotide, triterpenes, saponin, alkaloid, mineral element, vitamin and other bioactive substances, 2, [11] [12] [13] [14] [15] contribute to antioxidant, 16, 17 antimicrobial, 18 antitumor, 19 hepatoprotective, 2,20 nourish blood, soothe the nerves, boost immunity and so on. 21 Especially, antioxidant activity becomes a hot research area in food science and biomedical elds recently. Therefore, at home and abroad, extensive attention has been drawn by the development and utilization of jujube in recent years. Up to date, a lot of studies on jujube pharmacological actions have been investigated. However, few research of jujube on the prevention and treatment of alcohol-induced liver damage have been reported.
In this study, we investigated the components and antioxidant activity of water extract of the jujube (WEJ). Besides, protective and therapeutic effects against acute and chronic alcoholic liver injury in mice were studied.
Materials and methods

Materials and chemicals
Z. jujuba cv. Jinsixiaozao was obtained from Laoling, Shandong, China. HPLC grade acetonitrile were purchased from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). Triglyceride (TG), total cholesterol (TC), alanine aminotransferase (ALT), aspartate aminotransferase (AST), lactate dehydrogenase (LDH), total superoxide dismutase (T-SOD), glutathione peroxidase (GSH-Px), malondialdehyde (MDA) and protein assay kits were obtained from Nanjing Jiancheng Bioengineering Institute (China). iNOS and NF-kB p65 were purchased from Cell Signaling Technology (Danver, MA, USA).
Preparation of the water extract
Z. jujuba cv. Jinsixiaozao were cleaned and boiled in water and crushed with a homogenizer. Aer removing the jujube kernels, the slurry was transferred to the extraction tank with the addition of pectinase and cellulase and hydrolyzed at 45 C for 2 h.
The insoluble materials were removed to obtain the water extract. The water extract of jujube (WEJ) was freeze-dried and stored at 4 C until analyzed.
Determination of total bioactive components
2.3.1. Determination of polysaccharides content. Anhydrous ethanol was slowly added to the WEJ until reaching the end concentration of 80% (v/v). Finally, the sediment was l-trated to get polysaccharides. The polysaccharides were determined colorimetrically with the phenol-sulfuric acid method. Glucose calibration solutions were set up with eight different concentrations (80-360 mg mL À1 ). According to the standard curve, the content of the polysaccharides were calculated. 2.3.2. Determination of total avonoid content. Flavonoid has been extracted by ultrasonic extraction method from the WEJ. The WEJ was concentrated and added anhydrous ethanol slowly to precipitate the macromolecules. The supernatant was combined and removed ethanol using a rotary evaporator. The product was dissolved in 50% methanol to determination. The total avonoid content of the WEJ was investigated by aluminum nitrate method. The calibration curve was prepared by diluting rutin in 50% methanol (0-60 mg mL À1 ). Then 0.3 mL of 5% NaNO 2 solution was added to 3 mL of the sample, and aer 6 min 0.3 mL of 10% Al(NO 2 ) 3 solution was added. The mixture was allowed to stand for 5 min and next 4.0 mL of 10% NaOH solution was added and the total was made up to 10 mL with distilled water. The mixture was kept at room temperature for 15 minutes. Then the maximum absorbance of the mixture was measured at 510 nm using a UV-VIS spectrophotometer. 2.3.3. Determination of phenolic compounds. The total phenolic content (TPC) of the WEJ was determined according to Folin-Ciocalteu colorimetric method by using gallic acid as standard. 0.5 mL of sample solution was mixed with 0.5 mL of Folin-Ciocalteu reagent for 5 min at room temperature and then 1.5 mL Na 2 CO 3 (20%) was combined with the mixture. The distilled water was added to 10 mL and the mixture was incubated for 10 min at 75 C. The absorbance was read at 760 nm.
The total phenolic content was expressed as milligrams of gallic acid equivalent per milliliter of sample. Each group test was performed in three times.
HPLC-UV and HPLC-MS assay of the phenolic compounds
Analysis of phenolic compounds was performed on an HPLC system (Agilent 1260, USA). All separation was using a phenomenex luna C18 (4.6 mm Â 250 mm, 5 mm) column at a column temperature of 30 C and the injection volume was 10 mL. The mobile phase was composed of A (acetonitrile) and B (0.1% formic acid in water) with gradient elution: 0 min (5% A), 0-30 min (5-15% A), 30-50 min (15-30% A), 50-55 min (30-80% A), 55-60 min (80-5% A) was used in this study. The ow-rate was maintained at 1.0 mL min
À1
. The peaks of phenolic acids were detected at a wavelength of 280 nm with the spectral analysis. Identication of the phenolic compounds was achieved by comparison of retention times and spectral data with those of authentic standards. The mobile phase was ltered through a 0.45 mm membrane lter and degassed under vacuum. HPLC analyses were carried out in triplicate for each sample.
Gallic acid, protocatechuic acid, catechol, p-hydroxybenzoic acid, catechin, chlorogenic acid, vanilla acid, caffeic acid, procyanidin, epicatechol, p-coumaric acid, ferulic acid, rutin, hyperoside, isoquercitrin, kaempferol-3-O-rutinoside, quercitrin, phloretin, cinnamic acid and quercetin were used as standard compounds.
HPLC-MS analysis was conducted on a Shimadzu LC-20AD XR series HPLC system (Shimadzu, Japan) coupled to an AB Sciex API 5000 Turbo-ion-spray triple quadrupole tandem mass spectrometer (Concord, Ontario, Canada) via an electrospray ionization (ESI) source in a negative mode. The column and the applied chromatographic conditions were the same as those was used in the HPLC analysis. Full scan data were acquired by scanning from the mass range of m/z 50 to 500.
Antioxidant activity in vitro
A lot of reports conrmed that antioxidant activity plays an important role in the treatment of liver injury, so we used four different methods to determine the antioxidant activity of the WEJ. Antioxidant activity of the WEJ was evaluated by using the following assays: DPPH radical scavenging activity, Ferric Reducing Antioxidant Power assay (FRAP), ABTS radical scavenging capacity assay, oxygen radical absorbance capacity assay (ORAC). Antioxidant activity was measured by quantitative detection kit for food.
Animal experiments
Balb/c mice (weighing 18-22 g) were purchased from Beijing HFK Bioscience Co., Ltd. Mice were housed in groups of six in an aerating system with 12/12 h light/dark cycles and fed with food and water. The housing conditions were maintained at temperature of 20 AE 2 C, relative humidity at 60 AE 5%. Mice in this experiment were acclimated to the laboratory for 1 week before experiments. All the animal study procedures were carried out by following the guidelines of "Guide to the Care and ) orally was given to induce liver injury for a single dose each day up to 7 days except the control group. All alcohol and samples were administered to mice by gavage. On the last day, the blood was taken by removing eyeball and the mice were sacriced. Blood samples were placed at room temperature for 30 min and centrifuged at 4000 rpm for 10 min. Centrifuged serum was stored at À80 C for later use. Subsequently, the livers were excised from the mice, weighed, and stored for further studies as needed. 2.6.2. Treatment of WEJ on the chronic alcohol-induced liver damage. Aer the environmental adaptation and grouping, the control group was received distilled water orally. The alcohol group, the bifendate group (A + bifendate) and WEJ groups (A + WEJ-L, A + WEJ-M, A + WEJ-H) were administered intragastrically with alcohol (50%, v/v, 8 mL kg
À1
) for a single dose each day up to 4 weeks. When the liver of mice was damaged, the groups were given alcohol continuously except the control group. WEJ groups received the WEJ at a dose of 100, 200 or 400 mg kg À1 body weight respectively and the bifendate group was given a dose at 200 mg kg
, 6 h aer administration of alcohol for 4 weeks each day. This experiment lasted for 8 weeks. On the last day, the serum was examined to investigate the therapeutic effects on acute hepatic damage caused by alcohol.
2.6.3. Observation of liver and calculation of liver index. Before the liver was dissected, its color and surface were observed by visual inspection. The liver index was calculated as the percent ratio of wet liver weight to wet body weight.
Liver index (%) ¼ (liver weight/body weight) Â 100% 2.6.4. Determination of TC in serum and TG in liver tissues. The serum TC levels were determined by using microplate reader according to the instruction provided by the commercial assay kits. Prior to the determination for the hepatic TG, liver was homogenized with absolute alcohol (w/v: 1/9) in ice-cold. Aer centrifugation (2500g for 10 min) at 4 C, the supernatant was transferred into a new glass tube. The hepatic TG in the supernatant were stored and measured by enzymatic colorimetric methods using commercial kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China). The serum TC and hepatic TG levels were expressed as mmol L
and nmol per g prot, respectively. 2.6.5. Measurement of ALT, AST and LDH activities in serum. Activities of ALT, AST and LDH were used as biochemical markers and determined by colorimetry according to provided procedures. The colorimetry was read with enzymaticreader using commercially available diagnostic kits according to the instructions.
2.6.6. Determination of GSH-Px, T-SOD, and MDA in liver tissues. Tissue samples were homogenized with nine times volume of ice-cold physiological saline before measuring. The supernatants were collected to determine the concentrations of total superoxide dismutase (T-SOD), malondialdehyde (MDA) and glutathione peroxidase (GSH-Px) according to instructions. Protein content was determined by protein assay kit. The levels of T-SOD, MDA and GSH-Px were normalized with protein.
2.6.7. Tests for IL-6 and TNF-a level. The levels of cytokine (IL-6 and TNF-a) in the serum was determined by colorimetry according to provided procedures. The colorimetry was read with enzymatic-reader using the mouse ELISA kit (Shanghai Westang Bio-Tech Co., Ltd., Shanghai, China) according to the instructions.
2.6.8. Western blot analysis. 200 mg of liver samples were homogenized and lysed for western blotting analysis. These samples were then centrifuged at 12 000g for 15 min at 4 C. The supernatants were collected and the protein levels were determined by BCA protein assay kit with bovin serum albumin (BSA) as a standard. Total proteins (50 mg per lane) were separated by 8-15% SDS-PAGE, and transferred on a polyvinylidene diuoride (PVDF) membrane. Aer blocking with a solution containing 5% skim milk for 2 h at room temperature to prevent non-specic binding of antibody, membrane was incubated with mouse anti-iNOS, anti-NF-kB monoclonal antibody (1 : 1000) at 4 C overnight. Aer washing, membranes were incubated with horseradish-peroxidase (HRP)-conjugated secondary antibody (1 : 10 000) in TBST containing 5% milk at room temperature for 2 h. Then, the membrane preparations were washed three times in TBST and visualized by enhanced chemiluminescence system (Merck Millipore, Darmstadt, Germany). The lms were subsequently scanned, and the signal intensity of each band was determined by Alphalmager HP system (Cell Biosciences, Inc., Santa Clara, CA, USA). 2.6.9. Histopathological evaluation. The liver tissues were immersed in 10% formaldehyde for over 24 h and routinely processed for embedding in paraffin, cutting into sections by using a microtome, staining with hematoxylin-eosin for routine histopathological examination. Each section was photographed under a light microscope to show the degree of liver damage. All images of each sample were taken at a magnication of Â200.
Statistical analysis
Each value was expressed as mean AE SD (standard deviation) (n ¼ 6). The statistical signicance was analyzed by student's test using SPSS for mean differences among the samples. Differences between groups at p < 0.05 were considered statistically signicant.
Results
Bioactive compositions of the extract
It is not logical to evaluate the biological activities of the extract without considering their chemistry. Biological activities of the plant species are strictly depending on the bioactive compounds occur naturally in the plant body. In order to make a healthy assessment on the biological activity potential of any plant species, it is necessary to reveal the chemical composition as well. As presented in the experimental section of this paper, the water extract of jujube was evaluated for their total phenolics, favonoids and polysaccharides ( Table 1) .
As can be seen from the Table 1 , polysaccharides were found to be the most abundant compounds in the extracts. On the basis of the results, the compositions of WEJ displayed that the phenolic acids, avonoids, polysaccharides were 1.43 mg of GAE per g of dry plant, 0.17 mg of RE per g of dry plant, and 3.80 mg per g of dry plant in the water extract, respectively.
The polyphenolic compound of WEJ was estimated by HPLC analysis. The extracts were also screened for the quantication of twenty selected compounds as following: gallic acid, protocatechuic acid, catechol, p-hydroxybenzoic acid, catechin, chlorogenic acid, vanilla acid, caffeic acid, procyanidin, epicatechol, p-coumaric acid, ferulic acid, rutin, hyperoside, isoquercitrin, kaempferol-3-Orutinoside, quercitrin, phloretin, cinnamic acid, quercetin.
As shown in Fig. 1 and Table 2 , ve phenolic acids were identied by comparing the retention times and MS spectrum with the corresponding reference standards. The chemical structures of the phenolic compounds are shown in Table 3 . According to data presented in the Table 2 , contents found the phenolic acids of WEJ were as follows: protocatechuic acid (17.02 mg per g of dry plant), catechol (5.87 mg per g of dry plant), p-hydroxybenzoic acid (7.46 mg per g of dry plant), vanilla acid (2.95 mg per g of dry plant), p-coumaric acid (1.06 mg per g of dry plant).
Antioxidant activity
It is considered that antioxidant activities of natural products could not be reasonably evaluated by a single test due to the complexity of natural products and the limitation of each antioxidant assay method. 22 There are many methods for the determination of antioxidant properties, the majority of which are based on electron transfer and hydrogen atom donation reactions. 23, 24 Aer comprehensive critical assessment of the most frequently used methods, four in vitro antioxidant assays, DPPH, ABTS, ORAC and FRAP assay, differing in their working principles. The sample demonstrated notable antioxidant activity with the levels of 202.18 AE 40, 428.8 AE 40, 60.13 AE 40 and 4670 AE 33 mmol Trolox per mL in the DPPH, ABTS, ORAC and FRAP assays, respectively. The result showed that the WEJ possessed high antioxidant activity which was important to the treatment of liver injury induced by alcohol.
Body weight and liver index
Feed consumption among all groups had no signicant difference. The initial and nal body weights, liver weights and liver index of mice were compared and shown in Table 4 . There were signicant differences of the nal bodyweight between the control group and the alcohol group in both prevention and treatment experiments (p < 0.05). Interestingly, administration of bifendate and high dose of WEJ inhibited this elevation signicantly. The liver index in the alcohol group was remarkably increased compared to the control group (p < 0.01) and this increase was weakened by giving WEJ and bifendate (p < 0.01).
In the prevention group, liver of control group were dark red in color, showing smooth surface and so texture. The livers of alcohol group were larger, heavier, more pale in color than the control groups. In contrast, the color and surface of the alcoholinduced liver treated with WEJ showed a dose-dependent improvement. The livers of the group treated with the high dose of WEJ were similar to the control group. In the treatment group, the livers of alcohol group were slightly pale in color. There were no signicant differences among the control group, the bifendate group and WEJ groups. 
The levels of ALT, AST and LDH in serum.
Both preventive and therapeutic effects of WEJ on the alcoholinduced hepatotoxicity were investigated. It is well known that ALT, AST and LDH are both sensitive serum chemical markers of liver damage. To evaluate the effect of the treatment with the WEJ on chronic alcohol-induced hepatoxicity and the prevention on acute alcohol-induced hepatoxicity, the serum activities of ALT, AST and LDH were obtained by colorimetry methods.
The results of alcohol-induced acute liver damage and preventive effects of the WEJ and bifendate on the liver injury are shown in Fig. 2 which were close to those of the control group. The therapeutic effects of the WEJ on the chronic liver damage induced by alcohol are shown in Fig. 2 and 3 MDA levels and activities of antioxidant enzymes in the liver. The levels of MDA, T-SOD and GSH-Px are indicators of oxidative stress. In order to study the protection and treatment mechanisms of the WEJ against the liver damage induced by alcohol in vivo, the activities of MDA, T-SOD and GSH-Px in liver tissue were examined and shown in Table 6 . The activities of SOD and GSH-Px showed a great diminishment (p < 0.01) while the level of MDA was increased (p < 0.01) in the alcohol group compared to those of the control group. The activities of SOD and GSH-Px in mice liver tissues had a dose-dependent rising trend both in the prevention group and the treatment group. The administration of the WEJ signicantly elevated hepatic SOD and GSH-Px levels and decreased the level of MDA at the high dose (p < 0.01). The WEJ was conducive to reducing the free radical damage to the liver.
Effects of WEJ on serum IL-6 and TNF-a levels
Cytokines are protein mediators of inammation and are produced as a result of the activation of various cellular reactions. As shown in Fig. 4 , the serum levels of IL-6 and TNFa were signicantly increased in alcohol-treated mice (p < 0.01) both in the prevention group and the treatment group. The intake of the WEJ signicantly suppressed the release of the two cytokines IL-6 and TNF-a (p < 0.01), which might consequently partially diminish inammatory and endothelial injury of liver.
Western blot analysis of inammatory related proteins
We tested the effect of the WEJ on the inhibition of inam-matory mediators by western blot analysis. Fig. 5 shows that alcohol up-regulated (p < 0.01) the expression of iNOS and NFkB p65, whereas the WEJ dose-dependently down-regulated the expression of these inammatory mediators (p < 0.01).
The high dose of WEJ treatment ameliorated the toxic effect of alcohol and reduced these inammatory mediators to the normal level. These benecial effects of WEJ were also found in the bifendate group. Taken together, these results strongly support the capability of WEJ to inhibit proinammatory mediators in alcohol-induced liver injury.
Histopathological evaluation
Alcohol-induced liver damage was investigated by observing histopathological changes. The hepatic histopathology results of control, alcohol and WEJ-treated liver slices are shown in Fig. 6 and 7 from the prevention and treatment group, respectively. As shown in Fig. 6A and 7A, liver sections from the control group showed healthy hepatic cells with preserved cellular architecture, central veins and obvious hepatic cell cord. In Fig. 6B , the alcohol group of acute alcohol-induced liver damage showed multiple and extensive areas of hepatocellular necrosis and increase in inammatory cell inltration. However, the treatment with the WEJ showed histopathological improvement in a dose-dependent manner (Fig. 6C-E) . The group administered with the high dose of WEJ in advance (Fig. 6E) showed markedly attenuated the alcohol-induced liver tissue injury and the normal liver architectures without cell necrosis and inammatory inltration, which restored as in the control group. As shown in Fig. 7B , liver sections of the chronic alcohol group showed macrovesicular steatosis, mild degeneration of hepatocytes and hepatic cells arranged in disorder. Compared with the alcohol group, the WEJ-treated group improved in different degree. The hepatocytes of mice treated with the high dose of WEJ (Fig. 7E) showed that fat vacuole reduced obviously and had abundant cytoplasm, which were almost normal in appearance. These results suggest that the WEJ had signicant protective and therapeutic effects on impaired hepatic function and hepatic tissue caused by alcohol. ), (E) WEJ-H + A (400 mg kg À1 ) and (F) bifendate + A. The mice slices were prepared by using a microtome and stained with hematoxylin-eosin. 
Discussion
The antioxidant properties of natural products have become hot topics for life science researchers. Intensive interest has focused on the water extract since many of them possess strong antioxidant activity. It is well known that phenolic compounds possess the characteristic of antioxidant properties, which play a vital role in the antioxidant defense mechanisms of biological systems. 7, 22, 25, 26 According to recent reports, avo-noids possess a series of biological properties, acting on biological systems as antioxidants. [27] [28] [29] [30] Polysaccharides have received an increased attention due to their antioxidant and hepatoprotective effects.
20,31-36
Our results show that the WEJ was a rich source of polyphenolics, avonoids and polysaccharides which have potential antioxidant activities. Chromatographic and mass spectrometric analyses were employed to identify the major phenolic acids present in the WEJ. There were at least ve major phenolic compounds in the WEJ including protocatechuic acid, catechol, p-hydroxybenzoic acid, vanillic acid and p-cournaric acid.
There are different chemical and physical characteristics in different antioxidants. Several studies found that an individual antioxidant can be responded to different radicals or oxidant sources in different manners. 24 Single assay can't denitely established the true characteristics of antioxidants in a mixture because of these multiplicities involved in the characteristics and the mechanism of antioxidants.
26 Therefore, we selected several methods including DPPH radical scavenging activity, Ferric Reducing Antioxidant Power, ABTS radical cation decolourisation assay and oxygen radical absorbance capacity to study the antioxidant capacity of the WEJ. In this study, the WEJ demonstrated the notable antioxidant activity in all the in vitro tests, indicating the WEJ possessed the high antioxidant activity.
Alcohol is eliminated from the body by metabolizing in the liver mostly, 37 and it will promote the incidence of ALD. Previous studies show that most of the drugs have been demonstrated to lead to varying degrees of side effects.
38,39
Therefore, searching for both effective and safe components from plants as alternatives to prevent ALD is popular worldwide.
Our experiments have demonstrated signicant protective and therapeutical effects of the orally consumed WEJ against hepatic damage induced by alcohol in mice. The reactive oxygen species (ROS) and acetaldehyde induce cell apoptosis and consequently damage the liver, resulting in leakages of AST, ALT, and LDH from the cells and there by leading to the elevation of the levels of enzyme activities.
5 AST and ALT are the most various biomarker enzymes to evaluate of the function and integrity of liver cells and LDH is a stable cytoplasm enzyme that is present in all cells. 40 Based on the testing data in this study, the levels of AST, ALT and LDH have a signicant increase in the serum of alcohol-induced mice compared with the control group both in acute and chronic alcohol-induced liver injury. The results from our study in vivo declare that the WEJ inhibited the activities of AST, ALT and LDH activities in the serum, indicating the protective and therapeutic effects of the WEJ against alcohol-induced liver damage.
There are a variety of mechanisms about alcohol-induced lipid accumulation in hepatocytes. Alcohol may cause fatty acid oxidation reducing in the liver and increasing lipogenesis in hepatocytes. 41 In addition, consumption of excessive alcohol in long term can affect the metabolism of TG and cholesterol. It has been reported that alcohol drinking increased hepatic lipid levels in mice. 1, 42 Therefore, the levels of TC and TG have been studied in involving acute or chronic alcohol-administrated mice. In the study, there was no signicant change in the levels of TC and TG in mice given a large amount of alcohol in a week. In the chronic alcohol-administrated mice, which were established by alcohol gavage for 8 weeks, the alcoholic fatty liver resulted in an increase of TC and TG. Our work show that chronic alcohol consumption-induced fatty liver was alleviated by the WEJ treatment.
The MDA level is widely used as a marker of free radicalmediated lipid peroxidation damage. 43 The elevated MDA level of liver suggested that enhanced enhancing peroxidation, causing tissue damage and the disability of antioxidant defense mechanisms. 24 In the GSH-related antioxidant system, H 2 O 2 and other peroxides reduced catalyzed by GSH-Px. SOD is also an signicant substance which is conducive to the clearance of the superoxide anion radicals and exercise an effect on the formation of H 2 O 2 .
44 Therefore, the levels of MDA, GSH-Px and SOD in hepatic tissues play important role in liver injury. In this study, alcohol leaded to decrease in the activities of T-SOD, GSH-Px in liver. Whereas, there was increased the MDA content as compared with the control group. The signicantly reduced in MDA, elevated T-SOD and GSH-Px levels were found in the WEJ-treated group compared with the alcohol group.
Our results show that the WEJ could not only reduce the serum ALT, AST, LDH activities and TC and TG levels in serum and liver, but also decrease MDA in liver tissue. In addition, the increase of liver tissue SOD and GSH-Px activities of the alcoholinduced liver tissue damage were alleviated by the WEJ effectively.
It is reported that alcohol evoked the release of inammatory cytokines such as IL-6, TNF-a of the liver, which intensied hepatic inammation and cell apoptosis. 45, 46 We found that the WEJ intake effectively lowered hepatic IL-6, TNF-a production, which contributed to diminished hepatic inammatory stress.
On the other hand, NO derived from iNOS plays pivotal roles in the pathogenesis of acute and chronic hepatic inamma-tion. 47, 48 Besides acting as inammatory enhancers, excessive NO impairs hepatic insulin signaling. 49 Thus, the agent with the capability to decrease NO production in the liver not only mitigates hepatic inammatory injury but also avoids the occurrence of fatty liver or diabetes. Our present study found that the WEJ intake declined hepatic activity and protein expression of iNOS, which in turn limited the production of NO.
NF-kB is important signaling pathways responsible for the formation of oxidative and inammatory reactants. 50, 51 It is documented that alcohol could activate these pathways, and promote the expression of inammatory mediators such as iNOS and COX-2, which in turn accelerate the production of down-stream factors including NO, IL-6 and TNF-a in the liver. 52, 53 Our western blot data reveal that the WEJ intake downregulated hepatic protein expression of NF-kB p65 in alcohol treated mice. Since NF-kB pathways had been declined, the lower hepatic expression and activity of iNOS could be explained. Consequently, it was also reasonable to observe lower hepatic levels of IL-6 and TNF-a in WEJ treated mice. These ndings indicate that hepatic protective effects from dietary WEJ could be ascribed to this triterpene suppressed NFkB pathways, which in turn decreased the production of downstream oxidative and inammatory factors, and nally alleviated alcohol evoked hepatotoxicity. The WEJ pre-intake led to its deposit in liver, and markedly decreased subsequent alcohol elicited acute hepatic oxidative and inammatory stress via suppressing NF-kB pathways.
Histological examination of mice liver treated with alcohol showed signicant hepatotoxicity characterization, such as hepatocellular necrosis, inammatory cell inltration in acute alcohol-induced mice and macrovesicular steatosis, mild degeneration of hepatocytes in chronically alcohol-induced mice. However, administration of the WEJ signicantly decreased the damage in liver, suggesting that the WEJ had protection and treatment effects against alcohol-induced liver injury.
The water extract of the jujube showed a remarkable antioxidant activity in almost all test systems, which was in consistent with the phenolic compositions that had been identied. This study identied protective and therapeutic effects of the WEJ on acute and chronic alcohol-induced liver injury in mice which were dose-dependent by oral consumption. Our results reveal that WEJ prevented alcohol-induced liver injury via anti-oxidative stress and anti-inammation. These ndings might be benecial for developing a natural agent for preventing and remedying alcohol-induced liver injury.
